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Abstract

Overexpression of TNF-a in the body is critically involved in many diseases. A strategy to construct TNF-o autovaccine by introduc-
ing a T cell helper epitope to the protein has been developed and may be an alternative because it is cheaper and highly efficient. How-
ever, the induction of high level anti-TNF-a neutralizing autoantibodies by TNF-a autovaccine is depend on a proper T cell help epitope.
In order to evaluate the effect of different T helper cell epitopes on the immunogenicity of mouse TNF-o (mTNF-a), three T helper cell
epitopes, TT (QYIKANSKFIGITEL), HEL (NTDGSTDYGILQINSR), and PADRE (AKFVAAWTLKA), were chosen for this study.
The sequence (amino acids 126-140) of mTNF-a was replaced with those of the T cell help epitopes, respectively. The three fusion pro-
teins (mTNF-TT, mTNF-HEL, mTNF-PADRE) were expressed in Escherichia coli and purified with a simple strategy. The abilities of
the proteins elicited TNF-o autoantibodies in BALB/c mice were investigated. The results showed that mTNF-PADRE is the most effec-
tive among the three modified TNF-o molecules. In the absence of adjuvant, the therapeutic effect of TNF-PADRE on LPS induced
endotoxic shock mice and mTNF-o induced cachexia mice was observed. This study suggests that mTNF-PADRE may be a better can-
didate of mTNF-o autovaccine.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

TNF-o is an important proinflammatory cytokine
involved in normal physiological immune and inflamma-
tory processes. However, TNF-a also induces chronic
inflammation and subsequent tissue destruction, such as
cachexia [1,2], Crohn’s disease [3,4], and rheumatoid
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arthritis [5,6] when it is overexpressed. More recently,
inappropriately expressed TNF-o was also shown to play
a role in the development of cancer [7,8]. It was demon-
strated that blocking of TNF-a could reduce the symp-
toms of inflammatory disease [9,10]. Some anti-TNF-o
monoclonal antibodies [11,12] and the soluble TNF-a
receptor [13] have been approved for clinical use as
TNF-a antagonists and successfully relieved pain and
symptoms in patients suffering from rheumatoid arthritis
and Crohn’s disease. However, the long-term use of
monoclonal antibodies and engineered receptors could
cause some problems, such as a variable degree of immu-
nogenicity and major costs [14-16].
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A strategy to construct protein autovaccine by introduc-
ing a T helper cell epitope to the protein has been devel-
oped [17]. A mouse TNF-a (mTNF-a) autovaccine was
constructed by the strategy and investigated. The result
demonstrated that the antibodies against mTNF-o were
elicited after mice were injected with modified mTNF-a.
The symptoms of experimental cachexia and type II colla-
gen-induced arthritis in mice were markedly ameliorated
[17]. The efficacy between the anti-TNF monoclonal anti-
bodies and the mTNF autovaccine on reducing metastasis
in mice was also compared [18]. The result showed that the
both were successful in reducing the number and size of
lung metastases without difference.

The evidence has showed that immunogenicity of TNF-
o protein autovaccine was related with the native structure
of the protein after it is purified from Escherichia coli [20].
In addition, type of T helper cell epitope also affects the
titer of the protein autovaccine [19]. Consequently, it was
important to choose a proper T helper cell epitope and
develop effective purification strategy for obtaining a
proper TNF-a protein autovaccine.

In this study, we constructed three recombinant mTNF-
o mutants by introducing three T cell helper epitopes (TT,
HEL, and PADRE) to mTNF-a, respectively. A simple
purification process was developed. BALB/c mice were
immunized with the three recombinant vaccines. Our
results indicated that mTNF-PADRE is most effective to
elicit anti-mTNF-a neutralizing autoantibodies among
the three proteins in vivo. In the absence of adjuvant, the
therapeutic effect of TNF-PADRE was observed on the
cachexia mice or endotoxic shock mice.

2. Materials and methods
2.1. Materials and reagents

Restriction endonucleases, Taq polymerase and T4
DNA ligase were purchased from Takara (Dalian, China).
Urea, guanidine hydrochloride, B-mercaptoethanol, Triton
X-100, and Tris were purchased from Serva (Germany).
Sephacryl-100 and Sephacryl-300 resins were purchased
from Amersham Phamacia Biotech (Wikstréms, Sweden).
LPS, complete Freund’s adjuvant and incomplete Freund’s
adjuvant were purchased from Sigma (Saint Louis, Mis-
souri, USA). mTNF-a for ELISA was purchased from
Pepro Tech, Inc. (Rocky Hill, NJ, USA) and mTNF-a
for immunization and cachexia mice induction was purified
by our laboratory. Purity is above 95% and bioactivity is
4% 10°1U/mg. Goat anti-mouse TNF-o polyclonal anti-
body was purchased from Santa Cruz Biotechnology (Cal-
ifornia, USA) and raised against a peptide mapping at the
N terminus of TNF-a of mouse origin. Rabbit anti-goat
IgG alkaline phosphatase conjugate was purchased from
Zhongshan Golden Bridge Biotechnology Co. Ltd. (Pek-
ing, China). Horseradish peroxidase-labeled goat anti-
mouse IgG (Zhongshan Golden Bridge Biotechnology
Co. Ltd. (Peking, China). The plasmid pBV220 containing

the PR and PL promoters, the clts857 gene, and two strong
transcription terminators was made in home [21]. Native
mTNF-a gene was synthesized by Shenggong (Shanhai,
China). All other chemicals were of analytical grade.

2.2. Construction, expression, and purification of
recombinant mutant mTNF-o. molecules

The genes of all three recombinant mutant mTNF-o
molecules were constructed by PCR and gene synthesis.
The sequence of three recombinant genes was designed to
include EcoRI, Bglll, Ndel, and Sall restriction sites.
The sequence from EcoRI site to Bglll site is mTNF
(amino acid residues: 1-125). The sequence from BglII site
to Ndel site is TT, HEL, or PADRE sequence. The
sequence from site Ndel to Sall site is mTNF-a (amino
acid residues: 141-156). The three genes were all cloned
into pBV220 vector from EcoRI and Sall sites, identified
using DNA sequencing and the final plasmids were named
as  pBV220-mTNF-TT, pBV220-mTNF-HEL, and
pBV220-mTNF-PADRE, respectively, (Fig. 1). Escherichia
coli DH5a cells were transformed with the three recombi-
nant plasmids.

A DH5a clone transformed with pBV220-mTNF-TT,
pBV220-mTNF-HEL, or pBV220-mTNF-PADRE was
used to inoculate 10 ml Luria-Bertani (LB) medium supple-
mented with ampicillin (100 pg/ml) grown with 200 rpm
shaking overnight at 30 °C, respectively. Three milliliters
of culture were transferred to 300 ml fresh LB medium in
a 500ml shake flask. The culture was grown with
200 rpm shaking at 30 °C until the ODgyy reached 0.5
and induced by changing temperature from 30 to 42 °C.
After incubation at 42 °C for 4 h, 1 ml of culture was col-
lected and analyzed by electrophoresis on a 15% polyacryl-
amide-sodium dodecyl sulfate gel (SDS-PAGE), and
stained by Coomassie blue R-250.

Fermentation was performed using the fermentor
(working volume of 5 L) as described [22]. The induced
bacteria were harvested by centrifugation. Ten grams
(wet weight) of the harvested cell paste were sonicated in
ice. The pellet was collected by centrifugation. Inclusion
body of mTNF-HEL washed with 100 ml of 4 M urea,
1% Triton X-100, 5 mM EDTA, 5 mM B-mercaptoethanol,
50 mM Tris—HCI pH 8.5 at room temperature for 30 min
twice, followed with 100 ml of 5 mM EDTA, 50 mM Tris
pH 8.5 at room temperature for 30 min. Inclusion bodies
of TNF-TT and TNF-PADRE washed with 100 ml of
4M urea, 1% Triton X-100, 5SmM EDTA, 5mM -
mercaptoethanol, 50 mM Tris—HCI pH 8.5 at room tem-
perature for 30 min twice, followed with 100 ml of 6 M
urea, 5 M EDTA, 50 mM Tris pH 8.5 at room temperature
for 30 min. The final pellets of inclusion bodies were solu-
bilized by homogenizing in 20 mM B-mercaptoethanol,
7M guanidine hydrochloride. The supernatant was col-
lected by centrifugation. A chromatography column
(2.4x 70 cm) was packed with 350 ml of depyrogenated
Sephacryl-100 resin for the purification of TNF-TT. The
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Fig. 1. Maps of mTNF mutants. (A) Map of pBV220-TNF-TT expression vector. (B) Map of pBV220-TNF-HEL expression vector. (C) Map of pBV220-

TNF-PADRE expression vector.

column was equilibrated with 50 mM Tris-Cl, pH 8.5, 8 M
urea, and 150 mM NaCl. The supernatant of solubilized
mTNF-TT was applied to the column. The chromatogra-
phy was performed at a flow rate of 0.3 ml/min. mTNF-
TT fraction was eluted with equilibration buffer. Another
chromatography column (2.4 x 100 cm) was packed with
500 ml of depyrogenated Sephacryl-300 resin for the purifi-
cation of mMTNF-HEL and mTNF-PADRE at a flow rate
of 0.5 ml/min using above equilibration buffer. The purified
proteins (0.2 mg/ml) were dialyzed against refolding buffers
composed of 10 mM Tris-HCI, pH 8.5 supplement with 1/
1000 (v/v) B-mercaptoethanol, 1/10° (v/v) 0.5M CuSO4 at
20°C for 8h. Then purified proteins were dialysised
against H,O at 20 °C for 8 h twice. The refolded proteins
were collected by centrifugation to remove the pellet. The
final renatured proteins were stored at —70 °C.

2.3. Characterization of recombinant mutant mTNF-o
molecules

SEC-HPLC analyses were performed on a Beckman’s
HPLC system. The samples in PBS were injected onto a

7.5 % 300 mm G2000SW column (TOSOH) at a flow rate
of 0.5 ml/min. Peaks were detected by monitoring at a
wavelength of 280 nm. The purity of proteins was calcu-
lated as a percentage of the total peak area detected.
Proteins were transferred to nitrocellulose membranes
(0.22 pm; Invitrogen, USA) after SDS-PAGE using a
Bio-Rad Trans-Blot Semi-Dry electrophoretic cell.
Western blot analyses were carried out using an mTNF-o
polyclonal antibody, followed by an alkaline phospha-
tase-labeled IgG. Western Blue Stabilized Substrate
(Promega) for alkaline phosphatase was used for detection.
The cytolytic activity of purified mTNF-TT, mTNF-
HEL, and mTNF-PADRE proteins was determined on
L929 cell line [23]. Murine fibroblast 1929 cells in
DMEM supplemented with 10% fetal calf serum (FCS)
were seeded in 96-well plates at 1 x 10° cells/ml and incu-
bated for 16 h. The mTNF-TT, mTNF-HEL, or mTNF-
PADRE protein (100 pg/ml) was serially diluted with
DMEM supplemented with 3% FBS and 0.35 pg/ml acti-
nomycin D (Sigma). The diluted proteins were added to
the cells (100 pl/per well) and incubated for 16 h at 37 °C
and 5% CO,. The cell supernatant was removed thereaf-
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ter and the monolayer stained with 0.05% crystal violet
in 20% ethanol in room temperature for 5 min. Cells
were rinsed gently with distilled water, and the bound
dye was eluted from survival cells with 100 pl/well of
0.1% acetic acid in 50% ethanol. The absorbance of
washed stained cell monolayer was measured at a wave-
length of 570 nm using an automatic plate reader (Bio-
Rad, Hercules, CA). Saline was negative control and
recombinant mTNF-o was positive control.

2.4. Immunization of animals and detection of anti-mTNF-o
serum antibodies

Healthy male BALB/c mice (5-weeks-old, purchased
from the National Rodent Laboratory Animal Resource,
Shanghai, China) were cared for under institutional animal
care protocols. Antisera were prepared by inoculating
BALB/c mice with 30 ug of mTNF-TT, mTNF-HEL, or
mTNF-TT in Freund’s adjuvant. Every group mice
(n=15) were inoculated subcutaneously four times at 2-
week intervals. MTNF-TT, mTNF-HEL, or mTNF-TT
was dissolved in sterile saline and diluted with complete
Freund’s adjuvant at 1:1 for the initial injection, and
diluted with incomplete Freund’s adjuvant at 1:1 for subse-
quent inoculations. Mice (n = 5) immunized with PBS or
mTNF-a diluted with complete Freund’s adjuvant at 1:1
or incomplete Freund’s adjuvant were established as con-
trol. Serum samples were collected 2 weeks after the final
boost.

Specific serum binding antibodies against mMTNF-o were
detected by ELISA. Ninety-six-well ELISA plates were
coated with 50 ng/well of the recombinant mTNF-a pro-
tein. Obtained serum was diluted 1x 10 and 1 x 10*-fold
in phosphate-buffered saline (PBS)-0.5% BSA and applied
to wells at room temperature for 2.5 h. The association of
the serum with mTNF-o was determined by using horse-
radish peroxidase-labeled goat anti-mouse IgG at 1:1000
as a secondary antibody (incubated at room temperature
for 1h). Upon development, the optical densities at
490 nm were read by a Thermo Max microplate reader
(Molecular Devices Corp., Sunnyvale, CA). ODy9o values
that were greater than twice that of negative serum were
considered positive.

Specific serum neutralizing antibodies against mTNF-a
were detected by assay for neutralization of TNF-o-med-
iated cytotoxicity using serum antibodies. As described
[23], before beginning the assay, 100 pl/well of murine
fibroblast 1929 cells in DMEM supplemented with 10%
fetal calf serum (FCS) were seeded in 96-well plates at
1 x 10° cells/ml and incubated for 16h. The obtained
serum were diluted with medium containing actinomycin
D (0.35 pg/ml) and incubated with mTNF-a (20 U/ml) at
37 °C for 2 h. After removing of the supernatants of the
cultured L1929 cells, the mixture of serum and mTNF
were separately added to the plates of the cells. Then
the plates were incubated at 37 °C for 16h, and the
supernatants were removed again. Crystal violet (0.05%)

in 20% ethanol was added and incubated in room tem-
perature for 5 min. Cells were rinsed gently with distilled
water, and the bound dye was eluted from survival cells
with 100 pl/well of 0.1% acetic acid in 50% ethanol. The
absorbance of washed stained cell monolayer was mea-
sured at a wavelength of 570 nm using an automatic
plate reader. Blank control (culture alone), positive con-
trol (mixture of goat anti-mouse TNF-a polyclonal anti-
body and mTNF-a), mTNF-a control (mTNF-a alone),
and serum control (serum alone) were also designed in
the experiment.

2.5. Treatment with TNF-PADRE

In order to investigate whether TNF-PADRE elicited
TNF-o antibody was able to neutralize mTNF-a
in vivo, experimental cachexia model [17] and endotoxic
shock model [24] were established as follows. A group
BALB/c mice (n=10) were inoculated with mTNF-
PADRE (30 pg) without adjuvant subcutaneously four
times at 2-week intervals. In the process, another group
BALB/c mice (n = 10) were immunized with saline as a
control. Two weeks after the last immunization, specific
serum antibodies against mTNF-a were detected by
ELISA. Appropriate dose (2x 10°IU) of mTNF-a was
injected intraperitoneally daily in all mice for inducing
cachexia. The survival rates of surviving mice were deter-
mined. Immunization process was as above described.
After detection of specific serum antibodies against
mTNF-a, appropriate dose (1x10°IU) of mTNF-a
was injected intraperitoneally daily in all mice. The body
weights of mice were monitored.

After immunization, 600 ug of LPS was injected intra-
peritoneally in every BALB/c mice immunized by mTNF-
PADRE or saline. In this experiment, antiserum to
mTNF-o was designed as positive control and obtained
as Beutler described [25]. A New Zealand White male rab-
bit was injected at multiple subcutaneous sites with 40 g
of mTNF-a with Freund’s complete adjuvant. Three addi-
tional injections with 40 pg mTNF-o with Freund’s incom-
plete adjuvant were given at seven days intervals. Blood
was withdrawn from the rabbit seven days after the final
injection. Anti-mTNF-o antibodies were detected by
ELISA and 200 pl immune serum diluted 1:4 was injected
intraperitoneally in BALB/c mice (n=10). After 3 h,
600 pg of LPS was injected intraperitoneally in every
BALB/c mouse. The survival rates of the three group mice
were determined.

2.6. Statistical analysis

Statistical significance for differences in body weights
and anti-mTNF-o serum antibodies were based on Stu-
dent’s two-tailed test. Significance differences in overall sur-
vival were evaluated using the log-rank test. Differences
were considered significant when the P-value was less than
0.05.
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3. Results
3.1. Preparation of antigens

The recombinant mTNF-TT, mTNF-HEL, and mTNF-
PADRE were cloned into pBV220 plasmid. DNA sequence
analysis conformed that the sequences of mTNF-TT,
mTNF-HEL, and mTNF-PADRE genes were in agree-
ment with the sequences that we designed.

The expression of mTNF-TT (17.8 kDa), mTNF-HEL
(17.8 kDa), and mTNF-PADRE (17.4 kDa) were identified
by SDS-PAGE. (Fig. 2). After inclusion bodies were
washed three times, the inclusion bodies were solubilized
with 7M guanidine hydrochloride, 20 mM B-mercap-
toethanol at 4 °C overnight. Approximately 80% inclusion
bodies were dissolved. The soluble mTNF-TT (Fig. 3B,
lane 2) mTNF-HEL (Fig. 3B2, lane 2) and mTNF-PADRE
(Fig. 3B3, lane 2) were purified by one-step Sephacryl S-
100 column or Sephacryl S-300 column (Fig. 3A1, A2,
and A3) and analyzed by SDS-PAGE(Fig. 3B1, B2, and
B3). The purified protein was refolded by dialysis against
with pH 8.5 10 mM Tris—HCI supplement with 1/1000 (v/
v) B-mercaptoethanol, 1/10° (v/v) CuSO4 and analyzed
by SDS-PAGE (Fig. 3B1, lane 5; B2, lane 6; B3, lane 5).
The final yields were 4 mg purified antigen proteins per
gram of cell paste.

3.2. Characterization of recombinant mutant mTNF-o
molecules

The purity of final purified mTNF-TT, mTNF-HEL,
and mTNF-PADRE was analyzed by HPLC. All of them
were >95% (Fig. 4A1, A2, and A3). Western blot proved
that mTNF-TT, mTNF-HEL, and mTNF-PADRE could
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Fig. 2. Expression of mTNF-TT, mTNF-HEL, and mTNF-PADRE in
E. coli. Lane 1, molecular weight standards (kDa); lane 2, whole cell lysate
of pBV220-mTNF-TT/DH5a before induction; lane 3, whole cell lysate of
pBV220-mTNF-TT/DH5a after induction; lane 4, whole cell lysate
of pBV220-mTNF-HEL/DH5a. after induction; lane 5, whole cell lysate
of pBV220-mTNF-PADRE/DH35q after induction.

be recognized by goat anti-mouse TNF-o antibody
(Fig. 4B).

The cytotoxicity of mTNF-TT, mTNF-HEL, and
mTNF-PADRE was evaluated by a standard cytolytic
assay with 1929 cell line. L929 cells were susceptible to
the toxic effects at 1 pg/ml of native mTNF (positive con-
trol), whereas not at 100 pg/ml of the three proteins or sal-
ine (negative control) (Fig. 4C). The results showed that the
three proteins lost the cytotoxicity activity of native
mTNF-o.

3.3. Comparison of the antibody responses induced by
mTNF-TT, mTNF-HEL, and mTNF-PADRE

The immunogenicity of TNF-TT, mTNF-HEL, and
mTNF-PADRE were evaluated in BALB/c mice. Antibody
responses against mTNF-o were evaluated by ELISA and
neutralization assay of TNF-a induced cytotoxicity.

Specific serum binding antibodies against mTNF-o were
detected by ELISA. As can be seen in Fig. 5SA, Sera from
the vaccinated mice demonstrated high-titer (more than
1:10,000) specific antibodies against mTNF-o. The
mTNF-PADRE induced the strongest anti-mTNF-o anti-
body response among the three proteins (from 1000- to
10,000-fold dilution, TNF-PADRE group P <0.05 vs.
TNF-TT group and P <0.01 vs. TNF-HEL group).

Next, we compared the protect abilities of 1.929 cells
against mTNF-a induced cytotoxicity among three antise-
rum from the mice immunized with TNF-TT, mTNF-
HEL, and mTNF-PADRE (Fig. 5B). The results showed
that 1929 cells were sensitive to the cytotoxic effects of
mTNF-a. The mTNF-a (20 U/ml) almost induced 1929
cells death completely (data not shown). Fifty micrograms
per milliliter of goat anti-mouse TNF-o polyclonal anti-
body (positive control) can protect 64% 1929 cells against
20 U/ml of mTNF-o induced cytotoxicity (data not
shown). After 2-fold dilution, the antiserum induced by
mTNF-TT, mTNF-HEL, and mTNF-PADRE could pro-
tect 66%, 59%, and 82% L1929 cells from cytotoxicity
induced by mTNF-a (20 U/ml), respectively. The antise-
rum induced by three proteins could neutralize mTNF-o
(20 U/ml) in dose-dependent manner. The antiserum
induced by mTNF-PADRE showed the highest neutraliz-
ing ability (at 2- and 4-fold dilution, mTNF-PADRE group
P<0.05 vs. mTNF-TT and P <0.01 vs. mTNF-HEL

group.).

3.4. Therapeutic effect of TNF-PADRE in mTNF induced
cachexia mice and LPS induced endotoxic shock mice

Mice immunized with TNF-PADRE without adjuvant
still rapidly developed high-titer anti-TNF-o antibody
responses (more than 1:10,000) (Fig. 6A). Rabbit immu-
nized with mTNF-a also developed high-titer anti-TNF-a
antibody responses.

Protective effect of TNF-PADRE on the endotoxic
shocked mice induced with LPS was evaluated in BALB/c
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Fig. 3. Purification of mTNF mutants by size-exclusion chromatography. (Al, A2, and A3) Elution profile of mTNF mutants (Sephacryl-100 or
Sephacryl-300). A chromatography column (2.4 x 70 cm) was packed with 350 ml of depyrogenated Sephacryl S-100 resin. Another chromatography
column (2.4 x 100 cm) was packed with 500 ml of depyrogenated Sephacryl-300 resin. The column was equilibrated with 50 mM Tris—Cl, pH 8.5, 8 M
urea, and 150 mM NaCl. The supernatant of solubilized mTNF mutant was applied to the column. The chromatography was performed at a flow rate of
0.3 ml/min. The mTNF mutant fractions were eluted with equilibration buffer. The peak * is the target protein. (B1, B2, and B3) SDS-PAGE analysis of
mTNF-o mutants after purification by Sephacryl S-100. The lane * is the target protein.

mice. A lethal dose of LPS (600 pg) was injected intraperi-
toneally in TNF-PADRE vaccinated mice (n = 10), non-
vaccinated controls (n=10) and anti-mTNFo serum
treated mice (n = 10). The survival time of the mice was
determined (Fig. 6B). Statistical analyses of the differences
among vaccinated, nonvaccinated and anti-mTNFa serum
treated mice were performed using log-rank test. Survival
rates analysis showed that both anti-mTNF-o serum and
TNF-PADRE can prolong survival times in the endotoxic
shock mice (TNF-PADRE and anti-mTNFa serum group
P <0.05 vs. saline group). TNF-PADRE autovaccine and
anti-TNF serum have similar result in prolong survival
times in the endotoxic shock mice (TNF-PADRE group
P >0.05 vs. anti-mTNFa serum group). The experiments
were blinded and repeated four times.

Daily injections of mTNF-a (1 x 10° IU) into BALB/c
mice led to animals lost up to 18% of their body weights
in control group. However, the body weights of mice vac-
cinated by TNF-PADRE only lost 5% of their initial body
weight (Fig. 6D). The weight loss was reduced at least three
times in vaccinated mice compared with nonvaccinated

control. After daily injections of mTNF-o (2 x 10° IU) into
BALB/c mice twice, the mortality of nonvaccinated group
reached to 100%, whereas the mortality of TNF-PADRE
vaccinated group only was 50% (Fig. 6C). The experiments
were blinded and repeated four times with similar results.
Statistical analyse of the difference between vaccinated
and control mice was performed using log-rank test. The
immunization with mTNF-PADRE without adjuvant
could prolong survival terms in BALB/C mice induced
cachexia by mTNF-o (TNF-PADRE group P <0.05 vs.
saline group).

4. Discussion

At present, one obstacle in the development of a protein
autovaccine is immunological T cell tolerance against a
self-antigen. T cell tolerance to the native self-protein could
be broken down after a foreign immunodominant T helper
cell epitope is inserted into it. However, it is still important
to choose more effective T helper cell epitope and proper
gene location coupled with T helper cell epitope for the
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pBV220-mTNF-TT/DHS5a before induction; lane 3, Purified mTNF-TT; lane 4, mTNF-HEL; lane 5, mTNF-PADRE; lane 6, positive control (purchased
mTNF-a). (C) The bioactivity of renatured TNF-TT, TNF-HEL, and TNF-PADRE. 1.929 cells were incubated with samples which were serially diluted
by 4-fold for 16 h. The initial concentration of mMTNF-o was 1 pg/ml; the initial concentration of renatured TNF-TT, TNF-HEL, and TNF-PADRE was

100 pg/ml. Saline was used as a negative control.
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Fig. 5. The comparison of the antibody response induced by mTNF-TT, mTNF-HEL, and mTNF-PADRE. (A) Identification of serum anti-mTNF IgG
reactivity by ELISA. The recombinant mTNF was used as the target antigen. Sera from the mice vaccinated by TNF-o mutants demonstrated high-titer
(more than 1:10,000) specific antibodies against mTNF. The mTNF-PADRE induced the strongest anti-mTNF antibody response among the three
proteins (at 1000- and 10,000-fold dilution, TNF-PADRE group P < 0.05 vs. TNF-TT group and P <0.01 vs. TNF-HEL group.). (B) Identification of
neutralization of mTNF-mediated cytotoxicity in L929 cells by the antiserum induced by TNF-o mutants. L929 cells were treated with series diluted
antiserum, respectively. In the presence of mTNF (20 U/ml) for 16 h and cell survival was measured by crystal violet staining assay. The results showed
that the antiserum induced by TNF-TT, mTNF-HEL, or mTNF-PADRE could neutralize 20 U/ml of mTNF in dose-dependent manner. At 2-fold
dilution, the antiserum induced by TNF-TT, mTNF-HEL, and mTNF-PADRE could protect 66%, 59%, and 82% 1.929 cells against cytotoxicity induced
by mTNF, respectively. The mTNF-PADRE induced antiserum showed the highest neutralizing ability (at 2- and 4-fold dilution, mn”TNF-PADRE group
P <0.05 vs. mTNF-TT and P <0.01 vs. mTNF-HEL group). A representative result of three perform is shown.
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Fig. 6. The immunization with mTNF-PADRE without adjuvant ameliorated the symptoms of experimental endotoxic shock and cachexia in BALB/C
mice. (A) ELISA analysis of antiserum from mice immunized with mTNF-PADRE without adjuvant. BALB/c mice (n = 10) were immunized with 30 pg
of mTNF-PADRE without adjuvant four times. Two weeks after the last immunization, Specific serum antibodies against mTNF-a were detected by
ELISA. The titer of IgG was over 10*. The serum from mice immunized with saline and mTNF without adjuvant was used as controls. (B) The
immunization with mTNF-PADRE without adjuvant prolonged survival terms in endotoxic shock BALB/C mice induced by LPS. Two weeks after the
last immunization, A lethal dose of LPS (600 pg, E. coli strain 055:B5) was injected intraperitoneally in TNF-PADRE vaccinated mice (n = 10),
nonvaccinated controls (z = 10) and anti-mTNFa serum treated mice (n = 10). The survival time of the mice was determined (TNF-PADRE and anti-
mTNFa serum group P < 0.05 vs. saline group, TNF-PADRE group P > 0.05 vs. anti-mTNFa serum group). (C) The immunization with mMTNF-PADRE
without adjuvant prolonged survival terms in mTNF induced cachexia in BALB/C mice. Two weeks after the last immunization, Appropriate dose
(2% 10°1U) of biologically active mTNF-o was injected intraperitoneally daily in mTNF-PADRE immunized BALB/c mice (n=10) and saline
immunized BALB/c mice (n = 10). The survival rates of surviving mice were determined. Survival rates analysis showed TNF-PADRE can prolong
survival terms in mTNF induced cachexia mice (TNF-PADRE group P < 0.05 vs. saline group.). (D) The immunization with mTNF-PADRE without
adjuvant reduced the weight losses in mTNF induced cachexia in BALB/C mice. Two weeks after the last immunization, Appropriate dose (1 x 10° TU) of
biologically active mTNF-o was injected intraperitoneally daily in mTNF-PADRE immunized BALB/c mice (7 = 10) and saline immunized BALB/c mice
(n =10). The body weights of mice were determined. Statistical analysis showed TNF-PADRE can reduced the weight losses in mTNF induced cachexia in

BALB/C mice (*P <0.005, **P <0.002, **P <0.001). A representative result of four perform is shown.

construction of a protein autovaccine and the induction of
high-titer neutralizing autobody.

In this study, how to choose the location of mTNF-a
sequence, which is replaced by the T cell helper epitope,
is crucial. We cannot choose N-terminal of mTNF-a
because it is important for the receptor interaction
[26,27]. We analyzed the potential antigenic sites on
mTNF-a sequence by using the method of Kolaskar and
Tongaonkar [28] and found that there were four zones of
antigenic site in mTNF-a (amino acid residues: 10-21,
32-38, 111-125, 146-153). To break down the immunolog-
ical tolerance to mTNF-a and not destroy the zones of
antigenic site of mTNF-a, the sequence of amino acids
(amino acid residues: 126-140) of mTNF-a was chosen
and replaced by three T helper cell epitopes, respectively.

Although the three fusion proteins were successfully
expressed in E. coli, they formed inclusion bodies. We
develop a simple strategy to purify them using Sephacryl
column. The final purity of the three proteins was above
95%. It is important to find an optimal renaturation condi-
tion of inclusion bodies for keeping immunogenicity of
vaccine molecule. We have tested different pH (6.5, 7.5,
and 8.5) for the refolding buffer, respectively. The results

proved that pH 8.5 was optimal. Under this pH condition,
more soluble refolded proteins were obtained.

The renature of three purified proteins was important
for inducing antibodies. After the mice immunized with
the proteins, all antisera from the mice could cross-reacted
with both denatured and naive mTNF-a. It suggested that
the three proteins kept the proper native three-dimensional
structure after they were refolded. Otherwise the neutral-
ization autoantibodies could not be elicited in the mice.
In addition, we also proved that the purified three proteins
totally lost the cytolytic activity of native mTNF-a. Those
data proved that preparation of our mTNF-o autovaccines
is successful.

Although mTNF-TT, mTNF-HEL, and mTNF-
PADRE elicited high-titer autoantibodies which bind with
mTNF by ELISA. When antiserum was diluted eight
times, all the serum almost lost their activity of neutralizing
20U of mTNF. However, in Nielsen’s study [29], mice were
immunized with purified human TNF variants and serum
concentrations as low as 0.01-0.03% (corresponding to a
serum dilution of 10,000-30,000) were sufficient to achieve
50% inhibition of human TNF-mediated cytotoxicity in
KD#4 cells. There are two possible reasons for low concen-
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tration of the antiserum. One is that the induction of neu-
tralization antibodies of foreign proteins was easier than
that of self proteins. The other is that mouse posses an
inner regulatory mechanism which prevent normal immune
system from producing harmful TNF-a autoantibody.

To find which one was more effective among three T
helper cell epitopes, the antiserum were analyzed. The
result indicated that the titer from the mice immunize with
mTNF-PADRE was the highest compared with others.
PADRE is very effective epitope peptide. It is approxi-
mately 1000 times more powerful than natural T cell epi-
topes [19]. Our data suggests that PADRE is beneficial to
help mTNF autovaccine eliciting high-titer antibody
in vivo and may be a better epitope in the similar research.

In general, adjuvant is necessary in autovaccine autoim-
munization development because it is difficult to elicit high-
titer autoantibody. However, there are few adjuvants that
were approved for human. In this study, we immunized
the mice with mTNF-PADRE without adjuvant. We found
that in the absence of adjuvant, mMTNF-PADRE could also
elicit high-titer anti-mTNF-a autoantibodies (>1:10,000),
but mTNF-TT, mTNF-HEL only elicit low (<1:1000)
(data not show). Then we used mTNF-PADRE without
adjuvant to treat mTNF-o induced cachexia model. As a
result, the mortality of the vaccinated mice was decreased
by 50% after two days cachexia induction and the body
weights of the mice were increased 3-fold in comparison
with control mice.

LPS can induce experimental endotoxic shock. Most
effects of LPS act via endogenous mediators, such as cyto-
kines [30]. Among these cytokines, tumor necrosis factor-o
(TNF-o) seems to be particularly important for endotoxic
effects [31]. Antiserum to mTNF-o was useful to protect
mice from LPS induced endotoxic shock [25]. However,
at present, there are still no reports about using TNF-o
autovaccine to treat LPS induced endotoxic shock. In this
study, we used mTNF-PADRE to treat LPS induced endo-
toxic shock in the absence of adjuvant. We found that the
survival time of the mice were prolonged compared with
control. It demonstrated that the antiserum induced by
mTNF-PADRE could neutralize overexpressed native
mTNF-a induced by LPS in vivo. The antiserum
to mTNF-a and mTNF-PADRE have comparable effects.

In summary, mMTNF-PADRE we engineered could effec-
tively elicited anti-mTNF-o antibodies and neutralize
mTNF-a in vitro and vivo. PADRE is more powerful epi-
tope for the similar research. Adjuvant is not necessary for
the induction of TNF-a neutralizing antibody in this study.
Recombinant mTNF-PADRE may be a better candidate
of mTNF-a autovaccine.
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